It is suggested, but not confirmed, that soil composition and minerals in soil can affect the nutritional quality of the produce. Determining soil composition of community gardens has therefore become significant for foods that are grown in these gardens as the popularity of community gardens are on the rise. A comparative study of five (5) community garden soils from different regions of New Jersey and New York over a period of 4 months was conducted. A total of nine (9) elements including Al, Cr, Fe, Ni, Cu, Zn, As, Cd, and Pb were analysed using the EPA Method 3051A. Among all gardens, soil content of Fe, Al, and Pb were the highest concentrations (mg/kg), 6620 ± 4036, 3528± 2108, 221 ± 98 respectively and Ni, As and Cd were the lowest; 6.72 ± 5.37, 3.02 ± 1.55, and 0.22 ± .083 mg/kg in that order. There was a high variation in the Pb concentration among gardens which could be a source for concern. These findings indicate that there were consistently high levels of Al, Fe, and Pb concentrations in the soil samples from the selected community gardens. The extra heavy metals, such as lead and arsenic in the soil could be of health concern if these affect the plants grown in these soils. All garden soil samples emerged to be low in Cr, As, and Ni concentrations. The presence of these heavy metals in the soil does not always imply that they are available to plants, especially if they are soluble in the soil. Hence, further studies are warranted to investigate the effect of heavy metals in soil on the nutritional quality of edible portion of plants.
Introduction
The popularity of community gardens has been increasing as a way to promote better nutrition, provide easy access to fresh food and to promote physical activity according to Wakefield et al. [1] . At the same time there is a growing public health concern because many community gardens have been developed on vacant lots or in abandoned areas which may have been contaminated by toxic materials such as lead-based products [1] [2] [3] . There are numerous sources of toxic materials in soils emanating from air pollution and inappropriate disposal of toxic materials. Air pollution from vehicular emissions is recognized as an increasing source of soil contamination in urban environments. Other sources of contaminants include pesticides, residues from exterior paint and building demolition, refuse incinerators, roadside soils and numerous others [4] .
The main concern with the toxic materials in the soil of the community gardens is that the materials are taken up by the edible plants and then consumed. Chojnacka et al. [6] and others have studied the bioavailability of heavy metals from polluted soils to plants. Humans and animals can also be impacted by direct contact with the soil, such as children playing in the gardens.
Methodology

Study site selection and soil sampling
Community gardens from the metropolitan area of New York and New Jersey were selected as sites for this study to represent a range of urban and suburban environments. Two of the gardens (Gardens 1 and 3) were located in the urban environment of Manhattan in New York, NY. Three of the gardens were located in suburban communities in New Jersey: Garden 2 in Highland Park, NJ, Garden 4 in Keyport, NJ and Garden 5 in Mercer, NJ. A visual tour of all the properties was conducted in order to identify gardens for soil sample collection. Permission of the property owner and gardener (if different from the owner) was obtained with a consent form prior to sampling. Of the 5 selected community gardens, only 2 (Gardens 4 and 5) had previous soil testing.
Soil was collected from 5 the community gardens located in the metropolitan area over a period of 4 months (September to December 2010). The research team enlisted gardeners to participate in this study; criterion for screening gardens for Pb was based on location, consent forms and gardens that were actively used for growing produce. Composite soil sampling was used to obtain 5 samples from each site to produce a representative profile.
Sample preparation and soil composition analysis
Soil samples were dried and digested using the EPA Method 3051. The Microwave Digester is applicable for digestion of sludge, soils, and oils for the following elements: aluminium, arsenic, chromium, cobalt, lead, iron, selenium, silver, nickel, sodium etc. Triplicates of each soil sample were analysed for heavy metal concentrations using inductively coupled plasma-mass spectrometry (ICP-MS). Data was converted into logarithmic scale for graphs using the mean and standard deviation for soil samples.
Roughly 10 g of soil were collected in plastic bags from distinct areas of each garden plot. Aliquots of 5 g of each soil sample were placed in aluminium trays to dry at room temperature (25 degrees Celsius) for 2 to 3 days. Approximately 0.5 g of each soil sample was mortar and pestle, sieved and weighed in to weighing boats for analysis. Each sample was then digested in 10 ml of concentrated HNO 3 for 10 minutes and placed in a fluorocarbon (PFA or TFM) microwave vessel, capped and heated in the microwave unit for 3 hours.
Results
The results from the soil samples of the five gardens were compared to the US Environmental Protection Agency (EPA) Regional Screening Levels (Table 1) . Across all gardens, a common theme was that Al, Fe, and Pb were present at the highest concentrations throughout the soil samples. All gardens also shared the characteristics that Cr, As, and Ni were found in the least concentrations in the soil samples as shown in Tables 2-6 . In garden 1, Cu and Pb had great standard deviations, showing that there was a significant variance in their concentration across the garden quadrants ( Table 2) .
The soil in garden 1 was, therefore, not homogenous. The lead and copper variation could have been due to trash contamination, since there was varying degrees of litter and trash observed throughout the garden. If there were lead or petroleum -based products in the accumulated litter (as the garden bordered a highly-trafficked, urban street), this could account for the source of the soils lead contamination (Clark et al. [2] ). Of particular concern was the lead level in sample 10 of garden 1 which was significantly above the US EPA level for lead contamination. Gardens 2, 3, and 5 had no large standard deviations for any of the heavy metal concentrations found in the soil samples (Tables 3, 4, and 6 ). This fact underscored that there was not a statistically significant variation of the heavy metal concentrations across the gardens; therefore, the soil could be considered homogenous. In garden 4, the standard deviation for Cr was large (Table 5 ). This could imply some inconsistency within the soil. For all gardens, the concentrations of all other heavy metals were less than the state and federal recommendations, except for arsenic which was less than state but greater than US EPA recommendations (Tables 2-6 ). Since the US Federal (EPA) and state recommendations for this element are vastly different, precautions should be taken based on preference of which set of guidelines to follow. The most important elements to consider for contamination of the food chain are As, Cd, and Pb (Chojnacka et al. [6] ). According to the data presented, these elements are not present at toxic levels. However, the frequency of Pb amongst the most concentrated heavy metals could be a source for concern.
Conclusions
Analysis of the metropolitan area showed that there were consistently high levels of Al, Fe, Zn and Pb concentrations in the soil samples from the community gardens. All gardens also shared the characteristics that Cr, As, and Ni were found in the lowest concentrations in the soil samples. The presence of these heavy metals in the soil does not imply that they are available to plants, especially if they are soluble in the soil. Hence, further studies need to investigate the effect of heavy metals in soil, not only for the purpose of assessing toxicity but also for appraising the affect of high concentrations of heavy metals on the nutritional quality of edible portion of plants (iron and zinc) grown in these gardens. Vitamin C levels of the vegetables as a micronutrient marker should be assessed.
Another corollary finding of this study is that standards vary from federal state to state, making it impossible for the lay-gardener to determine what is considered safe [3] . A health concern is that extra lead and arsenic present in or on plants grown on lead-arsenic enriched soils could add to the total intake of these elements [5] . Most important to food chain contamination are As, Cd, and Pb (Chojnacka et al. [6] ). According to the data presented, these elements are not present at toxic levels. However, the frequency of Pb amongst the most concentrated heavy metals could be a source for concern.
